When human lymphocytes are cultured in the presence of phytomitogens, 70-90% of the cells undergo blast transformation and synthesize DNA. However, less than 40% of these lymphocytes actually undergo Although phytohemagglutinin (PHA) is known to be a mitogen, the number of mitoses actually counted after addition of PHA to lymphocyte cultures is relatively small. For example, Nowell found only 10% after 18 hr of incubation with colchicine at the peak of DNA synthesis despite morphologic transformation of up to 90% of these cells (1). Such PHAtransformed lymphocytes are known to be synthesizing DNA, since they are labeled when pulsed with radioactive thymidine and studied by autoradiography. The discrepancy between many cells making DNA and few caught dividing has been attributed to asynchrony of the cultured cells (2).
Although phytohemagglutinin (PHA) is known to be a mitogen, the number of mitoses actually counted after addition of PHA to lymphocyte cultures is relatively small. For example, Nowell found only 10% after 18 hr of incubation with colchicine at the peak of DNA synthesis despite morphologic transformation of up to 90% of these cells (1) . Such PHAtransformed lymphocytes are known to be synthesizing DNA, since they are labeled when pulsed with radioactive thymidine and studied by autoradiography. The discrepancy between many cells making DNA and few caught dividing has been attributed to asynchrony of the cultured cells (2) .
In PHA-stimulated lymphocyte cultures, one might expect to find a significant increase in cell number resulting from mitosis, as well as a concomitant increase in the total DNA content of the culture. The reports dealing with this question do not consistently support this expectation. Schellekens and Eijsvoogels noted that total cell number declined 17% the first day, while DNA content dropped 25%; by day 3, the cell count was still only 89% of the initial values, and the DNA content was 96% (3). Hirschhorn et al. reported a decline in DNA content during a 48-hr culture of PHA-stimulated lymphocytes to 75% of the initial value (4). Clearly, if most PHA-transformed lymphocytes in these experiments underwent mitosis, a large number of daughter cells must have died and lysed. In contrast, Loeb and Agarwal measured a PHA-induced increase in DNA to nearly twice that of unstimulated cultures by 72 hr (5) . Their results could be explained if each stimulated lymphocyte underwent a single mitosis and suggest that lymphocyte cultures reported in the former papers were complicated for some reason by excessive cell lysis. However, this simple explanation is confounded by the data of Polgar and Kibrick (6) . These authors report experiments in which greater than 90% of lymphocytes stimulated for 24 hr with PHA ultimately became blasts, as judged morphologically; when grown continuously in the presence of ['H]thymidine, a maximum of 63% of the total number of lymphocytes present were labeled, as revealed by autoradiography on day 5, while on day 10 only 6% of the lymphocytes were labeled, yet the number of viable cells on day 10 was 57% of the original number. Cumulative in- ['Hjthymidine (6.7 Ci/mmol) was added; at the end of a 4-hr pulse, 8 ml of minimal essential medium was added, the cultures were centrifuged at 500 X g for 5 min, the cell pellets were suspended in 2 ml of medium, and grown for up to 3 more days.
On the days noted above, duplicate tubes were harvested. Culture tubes were centrifuged at 500 X g for 10 min. On one set, DNA content was determined by the diphenylamine reaction (11) . Acid-precipitable ['H]thymidine cpm were determined on the other set: 0.2 ml of medium was precipitated with 2.8 ml of ice-cold 5% C13CCOOH. The remainder of the medium was removed and the cells were washed with 10 ml of ice-cold 0.9% NaCl. The cell pellet was precipitated with 3 ml of 5% Cl3- (C) Sucrose density gradient equilibrium centrifugation. 0.5 ml of the pooled fraction (1A) made 0.1% with sodium dodecyl MATERIALS AND METHODS All experiments described were performed on human peripheral-blood lymphocytes that were isolated as described (7) and cultured in Eagle's minimal essential medium (pH 7.4) supplemented with 20% autologous serum, 4 mM glutamine, 50 units/ml of penicillin, and 50 gg/ml of streptomycin. The cultures were maintained at 370 in a 5% C02 atmosphere.
Erythroagglutinating (E-) and leukoagglutinating hemagglutinin (L-PHA) from Phaseolus vulgaris were prepared from Difco PHA-P according to the method of Weber et al. (8 (9) . To obtain accurate cell counts of lymphocytes cultured in the presence of E-PHA, the aggregated cells were dispersed by the addition of fetuin (5 mg/ml), a potent haptene inhibitor of the binding of E-PHA to lymphocytes (10) . RESULTS 8.5 X 106 lymphocytes in 2 ml of medium were cultured as described in Table 1 . The cells were pulsed with 3 A&Ci of [3H]-thymidine (6.7 Ci/mmol) for 4 hr on the days indicated. After the cells were washed and resuspended in fresh medium containing the appropriate mitogen, the cultures were incubated for 3 more days. Acid-precipitable counts in cells and medium were determined as in Table 1. due to cell lysis an equal amount of RNA should be released into the medium. As shown in Table 3 , essentially no acidprecipitable RNA was released by the cells. These observations are confirmed by the data in Table 4 . Treatment for 2 hr with DNase solubilized 70% of both 3H and '4C radioactivity from the medium, while RNase and alkaline hydrolysis were without effect.
AND
In an attempt to exclude the possibility that DNA excretion occurred because the culture medium was deficient in some factor necessary for complete DNA synthesis, other experiments were performed in medium TC-199, TC-199 buffered with 0.01 M HEPES (N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid; pH 7.6), or TC-199 supplemented with thymine (5 ,tg/ml); all gave results similar to those experiments with minimal essential medium. Use of [3H]deoxycytidine rather than ['H]thymidine does not alter the pattern of DNA excretion. When mouse I-cells growing in log phase in minimal essential medium under conditions similar to those of lymphocyte cultures were pulsed for 2 hr with ['H]thymidine, washed, and resuspended in fresh medium, none of the radioactivity incorporated during the pulse was lost from the cells during the following 72 hr.
Characterization of excreted DNA As demonstrated in Fig. 1A , all acid-precipitable 3H and 14C radioactivity present in the culture medium eluted in a peak at the void volume on Sepharose 6B gel filtration chromatography. The medium applied to this column was taken Table 1 . On appropriate days duplicate tubes were harvested. Cl3CCOOH precipitates were dissolved in 1 ml of 1 N NaOH and incubated at room temperature (230). At the end of 18 hr, the tubes were neutralized with HCI, precipitated with C13CCOOH, and centrifuged at 37,000 X g for 20 min. 1 ml of the supernatant (alkali labile radioactivity) was counted in 15 ml of Bray's solution.
The pellet (alkali-stable radioactivity) was dissolved and counted as in Table 1 ; cpm are corrected for quenching and channel crossover. For enzyme incubations, 1 ml of acid-precipitable 3H/14C radioactivity from the Sepharose 6B front peak (Fig. 1A) , or 5 Mul of 3H-labeled E. coli DNA (7.5 ,g/ml) in 1 ml of Tris-NaCl-EDTA buffer, were incubated at 370 for 2 hr alone, with 5
Mug of RNase, or with 5 Mg of DNase in 5 mM MgC12. For alkaline hydrolysis, 1 ml of 3H/14C plus 0.2 ml of 5 N NaOH were incubated at 220 for 18 hr, then the solution was neutralized with 5 N HCl. At the end of the incubation period, 0.1 ml of bovine serum albumin, 50 mg/ml, and 0.9 ml of 12% Cl3CCOOH were added.
Acid precipitate and supernatant were prepared and counted as in Table 3. accompanied this peak, even though it contained 80% of the labeled DNA lost from the cells. This observation is added evidence that cell lysis alone cannot explain the loss of DNA into the culture medium. The amount of DNA actually lost must be fairly small compared to the total amount of DNA in the cells, which would explain the apparent paradox noted in Table 1 ; namely, much of the acid-precipitable [3H]-thymidine left the cells, but the total DNA in the cells measured colorimetrically remained constant.
Gel filtration chromatography on Sepharose 2B was used to estimate the molecular weight of DNA found in the culture medium (Fig. 1B) . The column was calibrated with 14C-labeled HeLa cell rRNA; elution volume was determined with 'H-labeled E. coli DNA. DNA from lymphocyte-culture media eluted in a broad heterogeneous peak with a molecular weight ranging between 3 and 12 X 106. This heterogeneity may result from partial hydrolysis of the excreted DNA by DNase activity in the culture media. § When this excreted DNA was examined by sucrose density gradient centrifugation (Fig. 1C) it formed a single sharp peak at a density of 1.055 g/cm3. A single peak formed at this density even when centrifugation conditions were varied as follows: (A) 18 hr in the same system as in Fig. 1C The quantity of DNA they make must be small in relation to total DNA in the culture.
While the explanation for the excretion of DNA by these cells is obscure, a number of possibilities can be considered: These could be cells prevented from successfully completing the steps necessary for mitosis by some deficiency in the culture medium. Thus, frustrated in their mitotic attempts, they might excrete the unnecessary DNA and return to a resting state. Alternatively, these cells could have a purpose for DNA synthesis other than mitosis (17) . The DNA might be used within the cell to amplify a yet undefined function and then excreted when no longer useful. The observation that lymphoblasts in PHA-stimulated cultures revert to small, resting lymphocytes after 6-9 days (6) is consistent with such an explanation. Gene amplification has been demonstrated to occur during oocyte development in amphibia (18) , and it may occur in antibody-synthesizing plasma cells (19) . Recently, Lerner et al. have found that about 0.5% of the DNA in a long-term lymphocyte cell line is associated with the cytoplasmic membrane (20) . Whether this species of DNA is related to the DNA excreted by the PHA-stimulated lymphocytes is unknown. Finally, it is possible that the DNA is excreted as a message directed to an unknown recipient. Since lymphocytes that undergo spontaneous transformation excrete DNA in a manner similar to lymphocytes stimulated with PHA and antigen, it is likely that this phenomenon is an intrinsic, property of the lymphocyte rather than a special function induced by phytohemagglutinin or antigens.
While this manuscript was in preparation, an abstract appeared by Sarma and Rutman describing findings similar to ours (21) . These investigators found that PHA-stimulated lymphocytes incorporated labeled thymidine into small fragments that were then converted to high molecular weight material. Subsequently, the labeled thymidine reappeared in light fragments that were then released into the medium in an acid-precipitable form.
